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SLCTION  I 


INTRODUCTION 


The  l iber  Optie  Technology  Program  is  intended  to  introduce  a new  technology 
which  now  has  demonstrable  advantages  m performance  and  cost.  This  document  de- 
scribes the  MITRH  program  during  FY  77.  which  was  sponsored  by  the  Mectronic 
Systems  Division  of  the  U.S.  Air  l orce  Systems  Command.  This  document  is  organized 
as  follows.  Section  II  explains  the  program  objectives  of  defining  and  demonstrating 
high-payolt  applications.  .Section  III  gives  a brief  fiber  optics  technology  background 
lor  readers  unfamiliai  with  the  area.  Section  IV  discusses  the  results  of  an  analysis  for 
defining  near-term,  high-payoff  applications  of  liber  optics  to  ground-based  tactical 
command  and  control  communication  systems.  Section  V describes  in  detail  a fiber 
optic  demonstration  system  used  as  a replacement  for  multiconductor  metallic  cabling 
currently  employed  for  radio  remoting  and  shelter  interconnection  in  tactical  deploy- 
ments. Section  VI  discusses  preliminary  testing  at  an  Air  National  Guard  facility,  and 
the  final  system  demonstration  at  the  Bold  Fagle  IH  exercise  on  Hglin  Reservation. 
Section  Vil  presents  conclusions  jnd  reconimendjtions. 


ShtTION  II 


PRCK.RAM  OBJI  CTIVE; 

i ho  transmiNMOn  proportios  ol  tho  lihor  optio  moiiiiiiii  oHor  iinuiiio  s<.'lutions  to 
prol'loins  mhoront  iii  vsiro  or  Rl  transmission.  I'hoso  proport los  inoliulo  olootri- 
oal  isolatum  aiul  iiiiiiuinit\  to  li^tlitning,  I MP.  I Ml  aiul  crosstalk,  as  woll  as  onhanooil 
sociiritN  , ssoiuht.  povsor  aiul  cost  s.i\in>:s.  Ihoso  atlvanta.oos  ol  t'lhor  optics  o\  or  com  on- 
tional  inotiia  inako  a luimhor  of  potontial  applications  attracts  o. 

1 ho  ohjoctno  ol  tho  I ihor  tlptics  lochnolooN  .Applications  I’roorain  wits  to 
ilolino  anJ  ilomonstrato  hioh-pas oil  applications  of  lihor  I'ptis  tochnoloes  to  .-Xir  * orco 
oroiiiul-hasoil  tactical  coniinaiut  aiul  ci>ntrol  comiminication  s\  stems,  l o moot  this 
ohioctno.  It  \sas  tirst  nocoss.ir\  to  stiuK  oroiiiul-hasoil  comiminication  system  roipiiro- 
monts  aiul  ulontilN  applications  vshich  coiikl  best  exploit  tho  advantaoos  ol  the  toch- 
noloirv  Ainoni;  applications  consulororl  uoro  tho  roplacomont  of  oxistiiii;  cable  as  well 
as  now  commanii  post  (inter-  aiul  mtrasholtor  cabling:)  applications.  Iho  most  prom- 
ismi:.  lor  noar-torm  application,  wore  pomt-to-[Hmit  links.  Iho  t'lituro  dovolopmont  of 
fiber  optic  taps  (couplers)  procUuiod  work  on  nuiltitormmal  systems  in  tho  time  frame 
of  this  proioct 

NS  ithin  tho  scope  of  this  program,  one  api'lication  m particul.ir.  tho  romotmeof 
tho  AN  tri'pi>scattor  radio  terminal,  was  clu'son  for  a field  demonstration. 

Diirim:  tho  rom.imdor  ol  tho  liscal  \o.ir  tho  fiber  optic  link  was  dosijmod.  fabricated 
•iiul  tested  So\oral  ulo.is  lol.ilmu  to  tho  construction  ol  optic.il  source  packairos  and 
connectors  wore  implomontoii  and  ov.ihi.itod  Iho  effort  culmm.itod  m a successful 
demonstration  ot  tho  fiber  optic  1 link  at  tho  joint-serxico  Bold  l aitlo  exorcise 

hold  on  l itlm  Rosorsation  m I lorid.i.  Detobor.  l*^)??.  This  demonstration  has  stimu- 
lated m.in>  fresh  ule.is  tor  tiituro  .ipplic.ilions  .iiui  exploitation  of  the  fiber  optics 
altern.itive. 
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TECHNOLOGY  BACKGROUND 

The  first  serious  eonsideratioii  of  glass  fibers  for  medium-  and  long-ilistaiiee 
intormatioTi  transfer  came  from  Standard  Telecommunications  Laboratories  in  I ngland. 

At  that  time,  U)bH,  typical  fiber  losses  were  more  than  1000  dB/km.  but  it  was  sug- 
gested that  much  lower  losses  could  be  achieved  with  purer  materials.  T here  followeil 
several  efforts  in  I ngland.  (Jermany.  Japan  and  the  Uniteil  States  to  purify  glass  aiul 
work  out  fiber  transmissit)n  problems.  The  breakthrough  occurred  in  1070,  when  ^ 

Corning  Cdass  Works  announced  achievement  of  fiber  losses  under  20  dB/km  in  single- 
mode fibers. 

I 

FIBER  OPTIC  CABLES  ^ 

Since  1070  there  has  been  rapkl  progress  in  the  development  of  low-loss  fibers 
(figure  1 ).  0|)fical  fibers  are  now  commercially  available  in  cable  form  at  losses  of 
6 dB/km  with  400  Mll/-km  bandwiilth.  Recent  laboratory  research  has  reported  fibers 
with  losses  less  than  0.5  dB/km  and  3000  MM/,-km  bandwidtlt. 


I 

1 

1 


1 

1 

j 

i 

ICEE  COMM  I 

society  mag  * 

MAR. >9^8  ' 


Figure  I . Fiber  Loss  Acliieved  in  Recent  Years 


REDUCTION  OF  FIBER  LOSS 
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In  early  fibers,  the  main  cause  of  attenuation  was  absorption  of  the  signal  due  to 
metallic  impurities  and  water  in  the  form  of  the  oxygen-hydrogen  radical.  When  the 
metallic  impurities  are  reduced  below  one  part  per  billion,  Rayleigh  scattering  becomes 
the  dominant  source  of  loss  at  lower  wavelengths,  and  infrared  absorption  in  the  glass 
itself  establishes  limits  at  the  longer  wavelengths. 

The  attenuation  of  a typical  commercial  fiber  (ITT  type  T-103)  is  shown  in 
figure  2.  Currently  available  light  sources  and  photodetectors  operate  in  the  region  of 
the  first  attenuation  minimum  from  about  0.8  to  0.9  microns.  Here  the  loss  is  about 
5 dB/km.  There  is  even  less  attenuation  beyond  the  OH  radical  absorption  peak;  for 
example,  3 dB/km  at  1 .1  micron. 


Figure  2.  Fiber  Loss  Vs.  Wavelength 


The  exceptionally  low-loss  experimental  fiber  shown  in  figure  2 has  an  attenu- 
ation of  only  0.5  dB/km  at  1.2  microns.  Many  efforts  are  underway  to  extend  the 
operating  points  of  current  sources  and  detectors  so  as  to  take  advantage  of  the  attenu- 
ation minima  at  the  longer  wavelengths.  The  low  attenuation  of  currently  available 
optical  fibers  (6  dB/km)  permits  very  long  cable  runs  between  repeaters,  on  the  order 
of  8 km  (=  5 miles).  The  resulting  reduction  in  the  required  number  of  repeaters  has 
attractive  economic  advantages  for  long-haul  applications  as  well  as  reliability  enhance- 
ments. 

11 


The  baiulwiiltli  ol  an  optical  liber  can  be  vieweil  most  simply  as  a I'nnction 
of  the  variation  in  transit  times  of  the  many  propaeatinn  liuhl  rays.  Hie  less  the  vari- 
ation, the  greater  the  baiulwidth.  In  the  "step-iiulex"  type  of  fiber,  whose  core  is  of 
constant  refractive  iiule.x,  light  rays  propagate  by  total  internal  rellection  at  the  inter- 
face with  the  clailcling  material  (figure  3).  At  the  interface,  the  imlex  of  refraction 
changes  abrii|itly  to  a les.ser  value.  The  result  is  a com(>arativel)  wule  variation  in  the 
propagation  times  of  the  light  rays  ilue  to  their  iliffering  path  lengths,  aiul  a conseipient 
"smearing”  or  distortion  of  any  signal  carried  by  the  rays.  With  practical  core  diameters 
in  the  order  of  50  to  (>()  microns  the  differences  in  propagation  times,  calleil  modal 
dispersion,  limit  the  baiulwiilth  of  such  fibers  to  a|i|iro\imately  20  to  40  Mil/  in  a 
kilometer  length. 


o' 


Figure  3.  Light  Ray  Propagation  in  An  Optical  Fiber 


rile  "graded-index”  type  of  fiber  was  rlesigned  to  correct  for  this  effect.  Its 
refractive  index  ilecreases  continuously  with  radial  distance  from  the  fiber  axis,  l.ight 
propagation  is  sustaineil  by  refraction;  a continual  bending  of  the  ray  toward  the  axis. 
Light  travels  faster  at  the  outer  extremities  of  the  core,  reducing  differences  in  arrival 
time,  and  lessening  ilispersion.  I his  type  of  fiber  has  bandwidths  of  200  to  (>00  MU/, 
in  a kilometer  length. 

Considerable  progress  has  been  made  in  ruggeili/.ing  I'i^ier  optic  cable.  As 
demonstrated  by  MU  RFl  in  a roadway  test,  current  cable  designs  allow  tens  of  thou- 
siinds  of  vehicles  to  roll  over  ruggedi/ed  cables  without  fracturing  the  fibers. 

Figure  4 compares  typical  commercially  available  fiber  optic  cables  (a  two- aiul 
six-fiber  version  by  H I ) ami  two  types  of  metallic  cable  (2(i-|iair  ami  dual  coax)  pres- 
ently used  for  ground-based  tactical  communications. 


ADVANTAGES  OF  FIBER  OPTIC  CABLES 


SMALL  SIZE: 
LIOHTWEIOHr 

BANDWIDTH  (SMI) 
(CAPACITY) 

REPEATER  SPACING 
(ATTENUATION) 

PRESENT  COST 
PER  FOOT 


26  PAIR 


t*.24^ 

r — — H 
' INCH  ' 

BP/IOOOft 

22// 1000  ft 

208// 1000  ft 

60//I000  ft 

49  Mb/« 

140  Mb/t 

.09  MHz 

19  Mb/t 

672  VOICE  CH. 

2016  VOICE  CH. 

12  VOICE  CH 

768  VOICE  CH. 

9 MILES 

ID  dB/MILE 

9 MILES 

10  dB/MILE 

N/A 

'/4  MILE 

112  dB/MILE 

$I.B3 

$4.90 

-♦-99- 
$ 98 

$ 39 
? 

•NO  GROUND  LOOP,  LIGHTNING  OR  EMP  PROBLEMS 


• EXTENDED  DEPLOYMENT  RANGE 


• POTENTIALLY  COST  EFFECTIVE 


Figure  4.  Advantages  of  Filwr  Optic  Cables 


riic  cost  ot  the  fiber  medium  is  continually  decreasing,  while  the  performance 
parameters  are  improving.  Examining  the  cost  projections  of  one  manufacturer.  Corning 
(figure  5),  one  can  see  that  the  near-future  emphasis  is  on  lowering  cost  through  better 
manufacturing  techniques  and  economies  of  scale.  As  a rough  rule  of  tlniinb,  the  cost 
of  a finished  cable  can  be  estimated  as  twice  the  cost  of  the  total  number  of  fibers 
contained. 

SPLICES  AND  CONNECTORS 

Maximum  transfer  of  light  between  the  ends  of  two  fibers  in  a splice  or  connec- 
tor demands  highly  accurate  alignment.  Assuming  that  there  is  an  excellent  end  finish 
on  the  mating  fibers,  there  are  three  types  of  alignment  offset  which  contribute  to  the 
“insertion  loss”  of  the  splice  or  connector  (figure  b):  lateral  displacement  of  the  fiber 
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I L 

1977  1978 


1979  1980?  YEAR 
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CORNING  GLASS 


l igiiri*  5.  ( ornin^  Single  Fiber  Price  Projeclions 


axes  ( which  is  the  most  critical  oltset),  liher  eiul  separation,  aiul  angular  misiihgninent 
The  latter  two  ilepeiul  on  the  numerical  aperture  ot  the  fiber,  higher  apertures  produce 
higher  losses.  In  aihlition,  there  are  eiul  retlections  which  typically  introiluce  a 0.4hIH 
loss,  riiese  retlections  may  be  eliminated  by  using  an  optical  matching  substance  whose 
retractive  index  closely  matches  that  ol  the  fiber  core. 

l iber  splices  can  be  used  to  repair  ilamageil  aiul  broken  cables  C'onmu>nly 
used  splicing  technitiues  include  the  “V"  groove  and  its  variations  (figure  7).  A sharply 
formed  V,  or  corner,  holds  and  aligns  the  prepared  fibers,  which  are  butted  under 
slight  pressure.  A drop  of  index  matching  adhesive  secures  the  joint.  Losses  around 
0.2  dB  are  typical. 

Another  techniiiue  is  the  “three-rod”  splice  (figure  8).  Lite  fibers  are  inserted 
into  the  interstice  ol  three  parallel  rods  that  touch  tangentially.  A low-viscosity  adhe- 
sive is  applied,  and  by  capillary  action  uniformly  bonds  all  elements. 

In  the  tusion  or  "hot  splice”  technique,  the  fibers  are  butted  anil  welded  to- 
gether with  a llame  or  electric  arc.  Losses  i>f  0,2. S ilB  are  easily  achieved  with  the  fusion 
method. 
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- VI 


Figure  6.  Loss  Mechanisms  in  Fiber  Splices  and  Connectors 
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FIBER 


7.  Ciroovc  Splice  niul  \’ari:iti(>iis  j 

i 
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Whereas  (he  spliee  is  a permanent  joint,  a eonneelDr  is  a ilenu>untahle  jnint. 
whieh  IS  reqiiirevl  lor  tlie  ileplovmeni  ol  lirouiul-baseil  taelieal  systems.  At  the  outset 
of  this  proj’ram,  no  suilalile  low-ei'si.  lovs-loss  single  liber  eonneetor  was  available. 
MII  RI  therelore  ilevelopeil  a eonneetor*.  whieli  has  been  siieeesslully  nseii  m its  re- 
seareh  aiul  applications  to  ilale.  More  recently  the  eonneetor  pieliire  has  improved,  with 
new.  promisnif;  ileviees  avail.ible  Irom  seseral  m.imiraeliireis.  The  eonneetor  problem 
has  neneraleil  a wide  ranjie  ol  ilesijm  solutions,  some  ol  whieh  are  illnstraletl  m fifiiire 


*lVs*.ribod  III  ilelail  in  seelion  5 
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HEAT-SHRINK  TUBING 


— STRIPPED  FIBER 


ALIGNMENT  ROD 


ALIGNMENT  RODS 


ferrule 


HEAT-SHRINK 

TUBING 


ferrule 


HEAT-SHRINK 

TUatUG 


- JACKETED  FIBER 


EXPOSED  BARE  FIBER 


Figure  8.  Three  Rod  Splice 
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MACHINE  MOLDED 


Figure  9.  Single  Filwr  Conneelor  Teehiiologv  Jan  78 
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(.oiwi-ntru  nIivm-  an-  t\|'itioil  tn  the  waMi  ii-wcl  umiuvior  lri)m  11  1 

taiinon,  atui  I'tluT  molallk  ^Dtui'iitru  mv.‘rt  «.omu\(or\  mkI>  as  those  ol  the  Harris 
( orporalion  Ihis  is  >teiieiall\  the  most  e\pensi\e  t>pe.  eoslm>:  ap|'ro\imalel\  SllH) 
per  lihet  al  pteseni 


I he  ah^iimeiil  toil  eomieelors  loeali'  the  lihers  m miersiitial  paps  lormeil  In  a 
eonlipuiation  ol  ahpnmeni  rods  A eommereial  proiliiel  a\ailahle  liom  Amphenol  iisi-s 
lour  ahpnmeni  nuls  w iih  a lihei  m the  eeiilei  I he  \tl  I Kl  eoimeelor  iivs  a dual  three- 
rod  approaeh 

Ml-plastie  eomieetors  have  heeu  doveloped  In  AMI’  lue  and  Hell  lelephoue 
I ahoralories.  In  the  AMI’  eouneilor.an  elaslomeiie  hloek  sell  eenters  the  lihets  iMihm 
\ proines.  \s  tuns  desipued.  the  eomieetor  aeeommodates  4t)ll-muron-iliametet  lihers 
I his  loiineetoi  sells  lor  ahoiil  S4  per  mated  pair  AMI’  is  w ork inp  on  a sanation  wliieli 
will  ai'eommoilate  the  I J>  uiierim  lihers  more  IspiealK  iisi'it  m Uinp  haul  eomuuimea- 
Ill'll  s\ stems  It  this  ean  he  done,  it  will  make  asailahle  a hiphh  promisnip  lonneiloi 
lostinp  two  orders  ot  ni.ipiiitiidi'  less  than  other  preeision  iiiei'lianiial  ik’sipiis  usmp 
nietallii  eoniponents 

I he  Hell  1 ahoratories  lOiineilor  iisi-s  a ei'iie  ahpnnient  prnieiple.  l one-shaped 
pliips  are  miei tion-niolded  around  the  tihers  I he  phips  are  ahpned  with  a huonu 
sleeve  Ihis  loniuvtor  is  not  now  availahle  to  the  industrial  or  militarv  user 

It  IS  our  opinion  that  the  present  vanetv  ol  eoiineilois,  either  m iiiaiuilailiiie  or 
on  the  drawiiip  hoard,  will  oveiionie  the  laek  ol  a suilahle  smple-l'iher  lonneitoi.  wliuli 
was  a maior  impednneni  to  widespread  use  ol  liher  opiu  teihnolopv . 

Lll.HT  SOllRl  I S 

1 iplil  sourees  usi'd  lor  liher  opiie  eommumealioiis  are  the  hpht  emittmp  diode 
|1  I !"  or  the  mjeetion  laser  diode  ill  H)  lliese  are  seniiiondui'lor  deviees  whose  liphi 
output  IS  eonirolled  h\  eurrent  driven  throuph  the  diodes 

I he  reipiiremeiits  lor  optieal  sourees  useil  m sinple-liher  teehiu'lopv  are  verv 
ilemaiiiimp  lo  maMiiii/e  link  lenplh  (that  is.  to  exleiiil  repeater  spaem.pl  a si'uree 
should  he  as  intense  as  the  stale  ol  the  art  allows  lo  launeli  optieal  power  elt'ieienllv 
into  the  'iher,  the  eniittinp  area  ol  the  souree  shoiiUI  he  sinallei  than  the  tiher  eore  area. 
Moreover,  the  emrtteil  heam  pattern  ol  the  si'iiree  must  he  verv  ilireetional  li’  lit  within 
the  aeeeptanee  eone  ot  the  liher  lo  mminu/e  material  dispersion  within  the  liher 
(dilterent  wavelenpllis  Iravellinp  at  ilitterent  veloeilies)  the  hpht  output  must  he  spee- 
trallv  pure,  that  is.  it  reipiires  a narrow  speetr.il  hnewidih.  1 ast  rise  and  tall  limes  are 


required  for  high-capacity  digital  systems,  while  analog  modulated  systems  require  an 
optical  power  output  linearly  related  to  the  drive  current  over  a wide  dynamic  range. 

Injection  laser  diodes  are  well  suited  for  use  in  digital  (or  pulsed)  fiber  optic 
systems.  They  are  made  from  gallium  arsenide  doped  with  aluminum.  The  laser  pellets 
are  very  small  typically  cubes  10  mils  on  a side  — and  are  mounted  on  transistor 
heat  sinks.  The  devices  employ  a stripe  geometry,  which  confines  the  laser  cavity  region 
to  an  active  output  area  measuring  about  1x10  microns.  Emission  through  the  narrow 
slit  output  aperture  produces  a rather  broad  diffracted  beam  in  the  plane  perpendicular 
to  the  P-N  junction  (20°  to  40°  half-angle).  The  beam  in  the  plane  parallel  to  the  junc- 
tion is  much  more  narrowly  confined  (3°  to  5°  half-angle). 

The  beam  of  the  ILD  is  far  more  directional  than  that  of  an  LED,  and  typical 
numerical  aperture  losses  into  flat-ended  fibers  measure  about  6 dB.  Current  contin- 
uous-wave laser  diodes  have  a much  higher  power  output  (5  to  10  mW)  than  LEDs, 
and  are  very  fast  (rise  time  of  less  than  1 nsec).  Finally,  their  spectral  linewidth  is  so 
small  that  material  dispersion  in  fibers  is  usually  negligible. 

One  of  the  early  problems  with  the  injection  laser  was  its  short  lifetime.  Con- 
siderable effort  has  been  devoted  to  extending  the  lifetime,  and  the  material  problems 
a-a*  now  reasonably  well  understood.  Starting  from  a two-hour  lifetime  in  1970  (figure 
10),  ILDs  now  have  extrapolated  lifetimes  of  more  than  one  million  hours. 
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Figure  10.  Improvement  in  Laser  Lifetime 
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One  problem  with  tlie  injection  laser  source  not  found  with  the  LHD  is  its  tem- 
perature sensitivity,  f'or  example  (fij’ure  I 1 ) if  the  operating  temperature  should  tall 
trom  30^  to  20^’  ('  with  the  forward  drive  current  constant,  the  optical  power  would 
rise  drastically  and  perhaps  damage  the  facet  of  the  laser  pellet. 


THERMAL  CHARACTERISTICS 


RC* 

CJ0I2T 


Rtf. 

ELECTRONICS 

«uc.  s.isrs 

PC  9S 


Figure  1 1 . ILD  Output  Power  Vs.  Drive  Current 


Remedies  to  the  temperature  dependence  of  the  laser  can  be  incorporated  in  the 
transmitter  circuitry.  Optical  feedback  schemes  use  a photodeteetor  located  behind  the 
laser  pellet  to  monitor  the  average  optieal  power  output.  A feedback  control  circuit 
regulates  the  drive  current.  This  overcomes  the  low-temperature  difficulty.  In  addition, 
a thermoelectric  cooler  can  be  used  to  control  the  operating  temperature  of  the  pellet. 
Commercial  injection  laser  transmitter  units  with  these  temperature  compensation 
circuits  are  available. 

A second  problem,  at  least  for  linear  modulation,  is  the  multimode  kink 
(tigure  1 1 ) in  the  characteristic  curve  of  the  ILD.  This  is  not  very  important  for  pulsed 
operation,  but  it  prevents  the  device  from  being  used  for  linear  modulation  due  to 
harmonic  and  intermodulation  distortion  resulting  from  the  kink.  Recent  develop- 
ments in  injection  laser  technology,  however,  have  produced  single-mode  lasers  which 
are  free  ol  multimode  kinks  up  to  several  milliwatts  of  optical  output  power. 
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PHOTODtnCTORS 


I ho  roooivors  iiiDst  oDiimioii  iti  fihor  optio  systems  usi-  photodiodes  to  convert 
meidetit  h.uht  eiiergv  to  electrical  current.  Ihe  positive-intrinsic-nepativc  (PIN)  photo- 
diode (tifiure  12)  has  a large  intrinsic  (ver>  lightly  doped)  region  located  between  p- 
aiul  n-sloi>ed  semiconducting  regions.  Photons  absorbed  in  this  region  create  electron- 
hole  pairs  that  are  then  separated  by  an  electrical  field  produced  by  an  applied  reverse 
bias  voltage  on  the  diode.  I his  generates  a current  in  the  load  circuit. 


I*  - ••• 


Figure  12.  PIN  Photodiode 


The  efficiencv  ol  the  optical  photon-to-electron-hole  conversion  process  is 
specifieil  by  the  ipiantum  efficiencN  of  the  photodioile.  which  measures  the  average 
numbers  of  electrons  generated  by  an  incident  photon;  a ipiantnm  efficiency  near 
one  indicates  a highly  elTicient  diode  C)uantum  efficiencies  of  O.H.  at  a wavelength 
of  O.d  microns,  are  t\ pical  of  PIN  iliodes. 

.Another  photodiode  performance  parameter  characterizing  the  optical  power, 
electrical  current  conversion  process  is  responsivity.  This  parameter  gives  the  ratio  of 
output  electrical  current  to  incident  optical  power,  measured  in  amperes, watt.  I'ypical 
responsivities  for  I’lN  diodes  are  around  0.5  to  0.(s  amp/watt. 

Ihe  avalanche  photodiode  (API))  is  designed  for  applications  requiring  greater 
sensitivity.  Because  of  a strong  electric  field  created  by  a large  reverse  bias  voltage,  the 
API)  exhibits  internal  gain.  Primary  electrons,  generated  by  the  incident  light,  are 
accelerateil  by  the  strong  fielil  and  undergo  ionizing  collisions  with  surrounding  atoms, 
thus  liberating  more  electrons. 

Compared  with  the  PIN  dioiles,  the  ,APl)s  require  a considerably  higher  bias 
voltage.  Biases  on  the  order  of  .)00  to  400  volts  are  noi  uncommon.  The  resulting 
current  gain,  however,  produces  API)  responsivities  about  an  order  of  magnitude  greater 
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ShC’I  ION  IV 


APPLIC  ATIONS  ANALYSIS 
AN  ALYSIS  OBJLCTIVL  AND  SC  OPL 

Air  Lorce  tjctical  s\ stoiiis  were  evaluated  with  iIk' objocUvo  ot  itcU'nninine 
>peeilie  a(rplK'.itions  m wliieli  llie  advantage')  dI  fiber  optics  would  be  significant  C)nl> 
ground-based  s\  stems  were  examined.  Hie  aiialvsis  was  further  cotistrained  b\  the 
requirement  for  demoiistratioir'in  the  near  term  within  LA'77.  Due  to  the  lack  ot  a 
eommereially  available  fiber  optie  coupler  ttap).  this  near-term  requirement  eltminated 
tnultiple-access  ( tnultitermmal ) svstein  architecture  applications.  I'lie  analysis 
Ireferreil  to  m another  document)  therefore  concentrated  on  point-to-poiiit  links, 
which  appear  to  be  most  promising  tor  initial  exploitation. 

APPLIC  ATIONS  WILHIN  THL  TACTIC  AL  AIR  C ONTROL  SYSTEM 

Hie  Control  and  Reporting  ( enter  t(  RC)  is  the  senior  element  ol  the  I'actical 
.Air  Lorce's  suneillance  and  control  sy  stem.  The  central  hub  ol  the  coninuiiiicatioiis 
complex  for  a typical  C RC  deployment  (figure  14)  is  the  ,AN  I'SC-bZ  technical  control 
center  Metallic  2(i-pair  cables  connected  to  this  shelter  (figure  15)  carry  coiiiniunica- 
tions  to  several  types  of  radio  vans.  I he  cable  conies  in  lengths  of  250  or  1000  feet, 
with  a heniiaphroditic  connector  on  e.ich  end.  and  weighs  208  pounds  per  U)00  teet. 
While  the  cable  has  an  attenuation  of  only  1.'!  ilB  mile  ( = 1.7  dB  km)  at  voice  frequen- 
cies. there  can  be  constderable  signal  attenuation  slue  to  ilegraded  connector  contact 
impedance.  This  typically  limits  the  series  connection  of  250-foot  lengths  to  three  or 
four  sections  in  tandem.  In  special  situations,  usually  no  more  than  two  1000-toot 
sections  are  connected  in  tandem. 

Radio  Reinoting 

F-nr  reasons  of  compotient  availability  and  time  constraints,  the  system  chosen 
to  impletnetit  in  l'Y77  was  the  I RC-d?  troposcatter  radio  retiioting  link. 

Die  I'SC  -(>2  teclitiical  cotitrol  coiiiiiuinicatioiis  central  atid  the  TR('-'>7  railio 
temiinal  are  cotiventionally  ititerconnected  as  shown  iti  figure  l(i.  Typically . three 
separate  parallel  links  are  established,  two  carrying  voice  and  the  third  for  telety  pe 
information.  The  voice  channels  are  4-wire  circuits  and  each  2b-pair  cable  usually 
carries  12  channels,  (isiiig  a multiplexed  fiber  optic  link,  all  voice  and  teletype  in- 
formation can  be  transferred  on  a two-fiber  cable. 
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1 Ikmi-  .111'  si'Vi'i.il  DiliiT  iiK'i'ntivi's  lot  iisinn  t'ilvr  optics  in  this  appliciition. 
! Ik-  wcif^hl  ri'ihktioii  is  i|iiiti'  sinmticant  As  ilcpicti'il  in  tigiiri-  4,  a typical  two-fiber 
cable  \\cii;lis  S poiiiuls  per  IlHH)  feet  compareil  to  JOS  poiimls  for  the  Jb-pair  cable. 
1 he  loiiil  weiithl  .iiul  voliiiiie  reiliiclion  woiilil  relieve  transport  renuireinents  anil  ease 
ileploy  iiieiil  loi  i.ipul  setup.  Hi>lil  1 .igle  7S.  a tv  pic.il  lielil  evercise,  reipiireil  some 
_,^0,00()  leel  ol  Jo-p.ur  c.ible.  Ihis  puts  a considerable  strain  on  airlift  operations 
thirteen  C-I.U)  .iircr.ift  loads  are  needed  to  trans|-.ort  JSO.OOO  feet  of  cable,  bor  ground 
1 1 .inspm t .It ion , tins  i|u.iiilil\  ol  c.ible  rei|iiires  twelve  J l/J  ton  trucks,  each  acconinio- 
d.iling  a load  ol  .ippro\iin.ilelv  JO.OOO  feel  of  cable. 

I ow  loss  liber  optic  c.ible  permits  deployment  ol  long  repeaterless  links,  so  that 
the  radio  lernim.il  c.in  be  renioied  to  considerably  greater  distances  than  the  few 
llioiis.md  leel  possible  with  Jo-p.iir  c.ible.  I xteiuled  remoling  permits  flexibility  of 
deployment  (for  ex.miple.  hilltop  s^ing  of  the  radio),  and  by  widely  separating  the 
iinitting  r.idio  .inlenn.is  trom  tiu'  central  ( Rf  ciimplex.  reiliices  persiinnel  exposure 
to  anti-radi.ition  missiles  t.ARMs)  I iirthermore,  since  oplieal  fibers  are  electrically 
insulating,  coinniiinic.itions  problems  resulting  from  ground  loops,  lightning,  and 
electroni.ignelic  pulse  ( IMI’ ) ciirrenls  are  all  eliminated. 
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Radar  Renioting 

Another  application  idcntilicil,  hut  not  implemented  in  I V77,  is  the  remolmgol 
the  AN/TI’S-4.M-  radar,  lliis  radar  is  conventionally  interconnected  to  the  AN/ rS(,)-‘)  I 
operations  center  hy  two  ten-conductor  triaxial  cables  (figure  17).  One  i)f  the  cables 
carries  range  and  ll'l'  beacon  returns  from  the  radar  to  the  center;  the  other  carries  eight 
height  bits  and  a strobe,  in  parallel,  over  nine  of  the  ten  conductors.  I'here  are  also 
separate  multiconductor  cables  tor  mode  control  and  communications,  and  a heavy 
grounding  wire. 

I wo  problems  are  encountered  with  this  form  of  radar  cabling,  f irst,  the 
separation  between  the  radar  and  the  operations  center  is  limited  to  400  feet  by  signal 
attenuation  in  tlie  triax.  Tliis  poses  a severe  constraint  on  deployment  flexibility,  and 
the  close  proximity  makes  the  operations  center  vulnerable  to  damage  from  AKMs 
homing  in  on  radar  emissions.  I'he  second  problem  is  the  heavy  weight  of  this  cabling, 
approximately  1200  pounds,  and  its  impact  on  transport  rei|uirements,  and  ease  ami 
rapidity  of  deployment,  f urthermore  the  triaxial  cable  is  rather  fragile  with  respect  to 
crush  resistance  and  kinking. 


Figure  17.  Kxisting.M)  Radar  AN/TPS-4.U-: 
2b 
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Table  1.  Technology  Comparison  for  Radar  Remoting 


Microwave  Radar  Link  (GSQ-I  20);  10,000  lbs  S800K 

Fiber  OpJic  Link  Estimated  Costs; 

cable.  8km  (5  miles)  at  SI  0/M  = $ gOK 

REC,  XMIT,  MUX,  connectors  4q|^ 

Total  SI20K 

Fiber  Optic  Link  Weiglit 

cable,  8km  at  80  lbs  km  = h,j, 

electronics  200  lbs 

Total  840  lbs 


There  are,  of  course,  situations  in  which  the  microwave  system  is  definitely 
needed,  such  as  transmission  over  large  bodies  of  water  or  across  uncontrolled  territory. 
A fiber  optics  remoting  link  is  therefore  not  a replacement  for,  but  rather  an  attractive 
adjunct  or  supplement  to  the  GSQ-120  system.  In  particular,  where  only  modest 
separations  ot  one  or  two  kilometers  are  necessary,  even  greater  cost  and  weight  re- 
ductions are  achieved,  since  both  the  cost  and  the  weight  of  the  fiber  optic  system  are 
proportional  to  link  length.  With  the  microwave  system,  however,  the  full  cost  is  paid 
and  the  full  weight  must  be  carried,  regardless  of  the  separation. 


ShC'I  ION  V 


DtMONSTRATION  MODEL  DESCRIPTION 
SYSTEM  ARCmiEt'IDRI 

In  illustrato  the  ailsaiilai^i's  aiul  I'oasihility  of  I'ituT  oplic  tocliHoloj’v  applied  to 
}:rouiul-|iased  ( systems,  a demonstratii>ii  model  was  developeil.  As  originally  eon- 
eeised,  the  demonstration  system  was  ilesigned  to  intereonneet  the  rR('-‘>7  radio  and 
the  I .St'  (>2  teehnieal  ei>ntrol  van. 

■As  a matter  ol  expedieney.  vintage  12-ehannel  taetieal  multiplexers  (AN/ 
I D-.t.x:  C)  were  borrowed  Irom  the  Army  and  used  at  the  ends  ol  the  link,  I'he  multi- 
plexers digitized  the  17  .malog  ehannel  inputs  using  pulse  code  modulation  (PCM)  and 
time  division  multiplexing  (IDM).  The  eleetronic  digital  aiul  timing  outputs  ol  the 
multiplexer  .ire  eonverteil  to  ojitie.il  inilses  lor  transmission  on  the  I'iher  optie  eahle. 
•At  the  reeeiver  the  optie.il  pulses  .ire  eoineiled  Iniek  to  eleetrieal  eurrent  h>  photo- 
diodes. 1 he  digital  eleetronie  sign.il  is  then  ilenuiltiplexed  haek  into  Iwelve  analog 
signals  and  Ir.mslerreil  to  tlie  1 v.iii  lor  r.idio  transinission. 

1 igure  l‘>  illustr.ites  one  end  ol  the  eomniunieations  link.  Each  ol  the  twelve 
eh.mnels  is  sampled  at  Sk  samples,  see.  .iiul  eaeh  s.iniple  is  encoded  into  six  hits.  I'he 
PCM  output  ol  the  multiplexer  is  Iherelore  17  x SK  saniples/sec  x d hits/sample  = 
.x7(>k  hit  see.  Hie  PCM  outinil  ilat.i  is  m non-return-to-/ero  (NR/,)  I'ormat.  and  the 
same  lormat  is  used  to  intensity-modulate  the  eontinuous-w'ave  inieetion  laser  dioile 
(11  D)  sourees. 

1 he  imiltiplexer  also  transmits  l.SO  nsee-wide  timing  marks  at  each  hit  interval. 
I hese  timing  marks  are  also  eonverteil  to  optical  pulses  through  an  II  D. 

Iwo  lihers  were  usi’il  lor  an  orderwire  cireuit.  I'he  voice  signal  on  this  order- 
wire  was  transmitted  hy  analog  modulation  ol  an  III).  AN/l'A-.Ml  lelephones 
were  used  as  end  instrunienis  lor  ihe  orderw  ire. 
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Figure  Optical  Converters 

OPTICAL  SOURCES 

Ilie  II  I)  source  iiseil  lor  the  PCM  data  aiui  timing  channels  was  a laser  diode 
model  LCW'-s  (table  11)  mamitacturcd  by  laser  Diode  laboratories  of  Metnchen.  N.J. 
It  has  minimum  total  radiant  power  of  5mW  with  intensity  angles  at  2^'  and  27^’ 
in  the  plane  parallel  and  perpendicular,  respectively,  to  the  PN  .innction.  The  percentage 
of  total  power  as  a function  of  half-angle  of  collection  for  this  diode  is  shown  in 
figure  20.  I'he  step-index  optical  fiber  used  for  this  system  has  a numerical  aperture  of 
0.2.*',  providing  an  acceptance  cone  half-angle  of  14. 5^’.  I-'rom  figure  20  one  finds  that 
an  acceptance  cone  of  I4..S^’  will  collect  about  30'r'  of  the  total  optical  power  from 
the  source.  This  yields  a numerical  aperture  loss  of  10  log  0.3  = 5.2  dB. 

A method  of  reducing  this  loss  is  to  form  a small  lens  on  the  input  end  of  the 
“pigtail”  fiber.  I'he  “pigtail"  is  a length  of  fiber  optically  aligned  with  the  emitting 
area  of  the  source.  To  make  the  lens,  the  fiber  is  first  cleaveil  Hat.  A small  llame  is 
used  to  heat  the  end  of  the  fiber  and.  as  the  glass  begins  to  melt,  the  surface  tension 
forms  a nearly  hemispherical  lens.  Ihe  lensed  pigtail  typically  increases  the  power 
accepted  by  the  fiber  by  a factor  of  1 .8  to  2 that  is,  gives  a 2.<-v  to  .3  dB  coupling 
improvement  over  the  llat-ended  fiber. 


Tabic  II.  Characteristics  of  LCW-5  Injection  Laser  Diode 


Min. 

Typ. 

Max 

Total  radiant  power 

( niW ) 

5 

7 

10 

Forward  current 

(mA) 

150 

250 

550 

Thrcshtild  current 

(mA) 

100 

200 

.500 

Peak  wavelength 

( nni ) 

800 

820 

880 

50' ' s|)ectral  width 

( nm ) 

2.5 

Stuircc  si/c 

(mils) 

.01x5 

Rise  time 

(ps) 

100 

Operating  temperature 

(“O 

0 

27 

65 
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Figure  20.  Angular  Emission  Characteristic  of  LCW-5  ILD 


1 III’  siiiiric  I’.ukago  .isscmt'K  in  iIIiinIi.iU^I  hi  Ii^iuio  J1  I'lio  prop.iri'il  IiIhm  in 
I'ciiu'iili'il  111  .1  lroii>:li  III  till-  .insil  VViili  ilio  Noiirio  iiiiitiT  povNi’i,  Ilu'  .iiimI  in  iiikh' 
pv'Mtiv'iH'1.1  to  in.iMiiuiiii  lijtlit  lOupliiij;  .iiul  in  iIumi  lonuMili'il  to  ttu-  IumI  Nink  iiiuk-i 
the  pcIkM  I Idlin'  IN  .1  plii'ti>>:t.ipli  ol  llu’  noiiui’  .inni'iiiI'K  , lifiuiv  nIiown  a iloNi-iip 
vicNN  ol  till'  I'oiiplin^  ii'gion.aiul  |Ik‘  Ii’iin  on  Itu'  I’lul  ol  llio  lihi-i  laii  lu'  novmi 

I 111'  ilifiilal  aiiil  aiialop  i iiiiiiIn  uni'iI  lo  ilnn'  ilu'  noiiui-n  aic  iIi'nv  iiIh'iI  in 
anotluT  iloi  iiiiii'iil 


LASER  PELLET 


LENSEO  FIBER 


PIGTAIL  ANVIL 


DIGITAL 
INF 


l-'igiire  21 . Injix'tion  UistT  Diodr  Soiin-o 


OPnCAL  HBtR 


1 ho  optio.il  I'lhor  um-iI  hi  this  svstom  s^as  typo  1-101.  inanulaoturoil  In  11  1. 
Ihis  IS  a imiltmiiKlo  stop-nulos  lihor  ooiisistmt:  ol  j Oopoil  sihoa  ooro  aiui  a horosilioalo 
olaOOnig  .A  plastio  laokot  is  oxtruiloil  ontu  tho  lihor  to  provulo  moohaiiioal  aiul  oi. 
Mriiiimoiital  pmlootion  A oross-vs tioiial  mow  ot  tho  lihor.  its  rolraolivo  iiulox  aiu) 
attoiuiation  prolilos  .iro  shown  in  lifiuro  J4.  t.ikon  Iroin  M l product  htoratiiro.  1 Tl' 
spociticatioiis  lor  this  lihot  aro  iuson  in  lahlo  III 

OPIK  AL  mu  R f ABLP 

Siooor  (a  Sionions-(  oi  111110  allili.itioni  and  II  I lihoi  optic  c.ihlos  woro  ov.ihiatod 
tor  riitigodiioss  111  .1  roadway  test  at  tho  Ml  1 K1  Bodloul  hKilitc  As  slu'wn  in  lioiiro  25. 
tho  lour  spocinioiis  (iwi<-  .iiul  si\-|ihor  \orsions  ironi  holh  niaiiul.icluroisl  woro  laid 
a>.ross  .111  asph.ill  drnoway  with  .1  tr.iltic  countor  Siniplo  continuity  choskswoto  in.ido 
periodically  I ho  cahlos  woro  o\|'osj'il  to  an  avoraoo  ol  50t)0  cars  .ind  trucks  per  week 
duriiio  tho  six-wook  (sumnior)  tost  poiu'd 

1 ho  Siocor  .iiul  M l cahlo  constructions  dilYorod  siiniiric.intly  (liouro  2('l  llio 
Ml  oxtornal  stronjith  inonihor  c.ihio  oinploys  .1  tightly  hound  I'ihoi  ci'iit.unniont  in 
which  tho  lackoloil  lihors  .iro  oiiihoildod  williin  an  oxirudod  poly  uroth.ino  jackot  Hits 
IS  surroundod  hy  hohc.illy  l.iid  Ko\lar®  strongth  nionihors  .ind  an  outer  extruded  poly - 
urothano  jacket 

riio  Siocor  c.ihio  uses  a loosi-ly  hound  lihor  containnionl  in  which  the  lihors  .iro 
l.iul  wilhin  a tiiho  ol  niiicli  larger  di.iniolor  llio  rationale  lor  this  construction  was  to 
decouple  oxiorn.il  stress  on  tho  cahlo  Iroin  tho  lihor  itsoll  I ho  containnionl  luhos  .110 
then  surroundod  hy  two  layers  ol  kosl.ir®  sop.ir.itod  hy  .1  poly  urolh.ino  sho.ilh  Iho 
entire  structure  is  conl.iinod  within  .1  poly\inylchlorido  outer  jacket 


At  tho  end  of  tho  roadway  tost  t.ipproxim.itoly  .Hl.OOt)  vohiclos)  all  lihors  within 
holh  the  twd-  arul  tho  six-fihor  I PI  cahlos  roniainod  continuous.  .All  lihors.  except  two. 
within  tho  Siocor  cahlos  had  failed,  tho  first  Siocor  fihor  tone  within  tho  tsco-fihor  cahlo) 
failed  after  500  ttaffic  counts.  The  second  failure  (sanio  cahlo)  occurred  at  ai’proxi- 
niatoly  1500  counts.  Because'  of  its  superior  I'orforinanco  with  respect  lii  crush  rosisl- 
anco  aiul  ilurahility . tho  1 11  cahlo  was  chose’ii  for  Iho  MI  I Rl-  donionstralion  systoni 
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STEP  INDEX  MULTIMODE  FIBER 

DIMENSIONS  SHOWN  ARE  NOMINAL  VALUES 


PROTICTIVE  MYTREL«PLASTiC  JACKE  T 


Cl  ADDING 


-SILICA 


t , ; 


bOO  ' ’^5  m't*  *^5  ^ 
300  M'n  ^ 

t 


\ INNER  JACKET 


I 


-DOPED  SILICA  CORE 


n CORE 
n SILICA 
n CIAOD'NG 


•NDE  X OF  HE  F RAC TiON  PROF  'lE 


Table  III.  Nominal  Specifications  for  IIT  I-IOI  f iber 


l2clU  km 
Hdb'km 

0.25 

50nsec  km 
1 5 nsec  km 

1.48 

55/011 

1 25/jni 

600/O11 

500Kpsi 
0.5  cm 


.Attenuation  0.85  microns 
(“  1 .06  microns 

Numerical  aperture 

Dispersion  lOdB  width 

5dU  width 

Core  inde.\ 

Core  diameter 
Cladding  diameter 
Jacket  O.D. 

Tensile  strength  (12  meter  gauge) 
Min.  bend  radius 


lA-  93,  see 


polyurethane  outer  jacket 


KEVLAR  STRENGTH  MEMBERS 

POLYURETHANE  - ' 
INNER  JACKET 


hytrel  jacketed  optical 

FIBERS 


ITT  S EXTERNAL  STRENGTH 
MEMBER  DESIGN,  7 FIBERS. 


POLYVINYLCHLORIDE  OUTER  JACKET, 


KEVLAR  YARN 
STRENGTH  MEMBERS 


polyurethane  sheath  — 


LACQUER- JACKETED 
OPTICAL  FIBER 

halar  and  polyester 

CONTAIMENT  TUBE 


SIECOR  STANDARD  CABLE 
DESIGN  , 4 FIBERS 


Figure  26.  Fiber  Optic  Cable  Constructions 
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CONNECTORS 

At  the  outset  of  tlie  program  there  was  only  one  commereially  available  single- 
fiber  eonneetor  for  1 25-micron-tliaineter  fibers.  Its  high  cost  (S200  per  fiber)  and  high 
in.sertion  loss  foreed  MlTRl'  to  invent  its  own  eonneetor. 

Alignment  is  achieved  in  the  .Ml  I'Rl'.  eonneetor  by  an  extension  of  the  familiar 
three-rod  alignment  principle  discussed  in  section  III.  Three  small  rods  are  sized  so  that 
the  fiber  fits  snugly  into  the  interstice  formed  when  the  rods  are  in  tangential  contact. 
To  accomplish  this,  the  diameter  of  the  rods  must  be  approximately  (>.5  times  the 
diameter  of  the  fiber. 

After  stripping,  cleaning  and  cleaving,  the  fiber  is  in.scrted  completelv  through 
the  interstitial  gap.  The  cleaved  end  of  the  fiber  is  placed  nearly  Hush  with  the  end 
faces  of  the  rods;  to  prevent  end  abrasion,  it  is  recessed  about  25  microns.  The  fiber 
and  rods  are  secured  by  ap(ilying  low-viscosity  cement  to  the  assembly.  A protective 
ferrule  fits  over  the  end  of  the  assembly  to  prevent  fiber  breakage.  I'his  unit,  illustrated 
in  figure  27.  will  be  referred  to  as  an  “insert". 

E-'or  a single-channel  connector,  two  inserts  must  be  aligned.  The  alignment  is 
accomplished  by  enclosing  the  inserts  in  another  three-rod  arrangement  (figure  2K). 
The  three  larger  connector  alignment  rods  are  sized  so  that  the  inserts  fit  exactly  within 
the  interstice.  To  do  so.  the  connector  alignment  rous  must  be  made  approximately 
‘>.9  times  the  diameter  of  the  insert  rods. 

The  three  larger  connector  alignment  rods,  held  together  with  an  0-ring.  are 
used  to  guide  the  inserts  to  a homing  position  which  keeps  the  fibers  aligned.  Ihe 
inserts  may  be  gripped  tightly  by  choosing  the  connector  alignment  rods  slightly 
undersized.  Since  the  forces  at  the  points  of  contact  are  railial.  they  tend  to  self- 
center the  fiber. 
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HtAT  SHRINK  TUBING 


I 2^  Ml  I Kl  I SI)  .l-KocI  Imm'cI  AsM'inItly 


I'i.uiiri' 2S,  Piial  I'liioo-K>ul  tioDiiu'tiN 


Since  the  small  fiber  alignment  rods  are  6.5  times  larger  in  diameter  than  the 
fiber,  and  the  large  connector  alignment  rods  are  9.9  times  the  diameter  of  the  fiber 
alignment  rods,  the  dimensional  sensitivity  of  the  large  rods  is  almost  64  times  less  sen- 
sitive than  the  tolerances  required  in  fiber  alignment,  creating  a desensitization  factor. 
This  dimensional  range  is  easily  achievable  using  inexpensive  drill  blanks. 

This  arrangement  can  be  extended  to  accommodate  multiple-fiber  cables  by 
using  more  connector  alignment  rods.  A multifiber  connector  for  a standard  six-fiber 
cable  is  made  with  a closely-packed  hexagonal  arrangement  of  seven  rods  forming  six 
interstices  - refer  to  figure  29.  Tightening  the  ring  nut  uniformly  squeezes  the  0-ring  in 
the  shell  flanges,  centering  the  inserts  within  the  larger  alignment  rods.  A photograph  of 
a cutaway  version  of  the  connector  is  shown  in  figure  30. 


ALIGNMENT  RODS  ^ ^ INSERT  ASSEMBLY  (6) 


Figure  29.  MITRE/ESD  Dual  3-Rod  6 Fiber  Connector 
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Figure  30.  ESD/MITRE  Chassis  Mount  Connector 


Measurements  were  made  on  tlie  insertion  loss  of  a single-eliannel  version  of  this 
connector.  A continuous-wave  gallium  arsenide  injection  laser  diode  source  was  used. 
The  step-index  fiber  used  in  the  measurements  was  nominally  125  microns  in  diameter 
and  had  a numerical  aperture  of  0.25.  Inserts  were  made  with  b6-gauge  (0.838  mm) 
drill  blanks,  and  connector  alignment  rods  were  P gauge  (8.204  mm).  The  free  end 
of  the  source  pigtail  was  tenninated  in  an  insert.  Six  inserts  were  prepared  on  each 
end  of  a six-fiber  cable  approximately  300  meters  long.  Power  measurements  were 
made  with  a radiometer  at  the  output  of  the  pigtail  and  then  after  connecting  the 
300-meter  fiber.  The  known  loss  of  the  fiber  was  then  subtracted  to  determine  the 
connector  insertion  loss. 

Measurements  were  made  for  each  of  the  twelve  inserts  on  the  cable  connected 
to  the  pigtailed  source.  Each  of  the  three  possible  insert  orientations  were  measured, 
yielding  36  loss  mea.surement.s  in  all.  Individual  losses  ranged  from  0.8  to  2.4  dB, 
with  an  average  loss  of  1 .5  dB  and  a standard  deviation  of  0.4  dB. 
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PHOTODIODES 


Silicon  PIN  photodiodes  were  used  for  the  optical  detectors.  I'he  photodiode 
selected  for  use  in  the  demonstration  system  was  ECi&O  model  SCD-IOOA  (table  IV). 
In  the  receiver  circuitry  these  diodes  were  operated  into  a Texas  Instruments  TlXLl  52 
transimpedance  amplilier.  Details  ol  the  digital  and  analog  receiver  circuits  are  given  in 
another  document. 


Table  IV.  Typical  Specifications  for  S(jD-10()A  PIN  Photodiode 


Rise  time 

4 usee 

Dark  current  ( lOOv  («  25‘’C) 

10  nA 

(.'apacitanee  ((«  lOOv) 

4 pf 

NEP 

lO'*"^  watts'v/  Hz 

Active  area 

5.1  mm“ 

The  photodiode  pellet  is  housed  in  a TO-5  package.  The  pigtail  assembly  for  the 
[ihotodiode  is  illustrated  in  ligure  31.  A drilled  metal  cap  fitting  over  the  photodiode 
package  serves  to  hold  the  fiber  in  alignment  with  the  photosensitive  surface  of  the 

diode. 


I'igure  32  is  a photograph  ot  the  electro-optic  transmitter/receiver  unit  used  for 
the  demonstration  system.  The  tront  panel  contains  the  six-fiber  connector  and  the 
electrical  input/output  connectors  for  the  orderwire  (binding  posts)  and  multiplexer 
data  and  timing  marks  (BNC  connectors).  The  front  of  the  chassis  drawer  contains 
power  supplies.  The  back  of  the  drawer  contains  six  circuit  cards  for  data,  timing  and 
orderwire  transmit  (left  three  cards)  and  receive  (right  three  cards),  respectively.  Con- 
nected to  the  chassis  is  a 1000-foot  spool  of  ITT  heavy-iluty  six-fiber  cable. 


SYSTEM  CAPABILITY 


riic  optical  receiver  sensitivity  was  exaimiied  It  was  touiul  that  tlie  receiveil 
ilata  pattern,  as  viewed  on  an  oscilloscope,  was  stable  at  an  average  recei\eil  optical 
power  0.1  2mW.  hnt  began  to  exhibit  jitter  at  lower  levels.  Hie  reipiired  received  oiHical 
power  is  therefore  taken  to  be  2pW  (-11  dBm) 

1 CW-,''  injection  laser  iliodes  emit  a typical  peak  total  radi.mt  power  ol  o.S  mW 
(S  dBm),  so  that  the  average  power  emitted  by  the  source  when  moihilated  by  a random 
NR/  data  pattern  is  .S  dBm. 

Hie  loss  margin  for  the  link  is  the  ditference  between  the  aver.ige  source  power 
and  the  revpiired  power  at  the  receiver  I'his  turns  out  to  be  >-{-ll)M  dB.  this  loss 
must  be  biulgeted  among  all  the  system  lossi's.  including  input  and  outinit  coupling, 
fiber  cable  attenuation  and  connector  losses. 

System  lossi's  were  measured  on  the  ilenionstration  model  .is  lollows: 

Input  coupling  loss  = ilB 
Output  coupling  loss=  0.2  dB 
Connector  los.ses  = 2 x 1 ..S  = .1  dB 
Total  = (v..^  dB. 

The  worst-case  fiber  attenuation  m the  cable  was  <i  dB/km.  I'liiis  the  power-limited 
length  (I ) is  determined  from  .)2=l>..*'+(>L.  which  gives  a length  of  1 =4  .)  knu  = 2.7  miles) 

ri'is  estimate  ol  the  power-limited  length  of  the  link  is  baseil  on  a I’lN  vlioile  re- 
ceiver which,  for  simplicity  and  economics,  was  iisc’d  m the  demonstration  model 
However,  it  is  known  that  the  more  sensitive  avalanche  photodiode  (AIM))  could  add 
approximately  1.*'  dB  to  the  loss  margin.  If  the  AIM)  were  used,  the  power-limited 
length  could  be  increased  to  0.8  km  = 4.2  miles 

At  the  modest  transmission  rate  of  .S7o  kb/s.  dispersion  length  limits  far  exceed 
power  limits. 
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To  facilitate  field  deployment,  the  multiplexers  at  each  end  of  the  fiber  optic- 
link  were  terminated  with  short  lengths  of  26-pair  cable  and  standard  connector  hocks. 
The  connectors  were  attached  to  the  entry  panel  of  a TS('-62  technical  control  facility 
and  terminated  inside  on  the  patch  panel.  Hxcept  for  the  directional  nature  of  the  fiber 
optic  link,  the  demonstration  system  was  treated  during  the  tests  as  if  it  were  a 26-pair 
cable. 


The  tests  were  designed  to  determine  the  ability  of  the  fiberoptic  link  to  handle 
voice  and  several  other  types  of  iiuasi-analog  signals  normally  generated,  transmitted  and 
processed  by  an  operational  CRC.  The  signals  under  investigation  during  this  test  sc-rics 
included  dual-tone  nudtiple-freiiuency  (DTMF)  and  AC  supervisory  signals  used  in  the 
telephone  switching  system,  low-baud-rate  frequency-shift-keyed  (E'SKl  signals  used 
for  teletype  communications,  and  high-baud-rate  FSK  signals  used  in  digital  communi- 
cations links.  The  test  loop  is  diagrammed  in  figure  34. 
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• F.O.  LINK  LOOPED  TO  TSC-62  TECH  CONTROL  FACILITY 

• TRAFFIC  variety  PATCHED  THROUGH  F.O.  SYSTEM 


Figure  34.  Test  Set-Up  At  Rhode  Island  Air  National  Guard 


46 


Dual  Tune  and  Voice  Signals 


I 

Ihcsc  tests  were  to  determine  if  the  AN/TTC-30  switching  system  could  ! 

interpret  dual-tone  signaling  and  supervising  inputs  transmitted  from  a TA-341  tele-  j 

phone  over  the  fiber  optic  data  link.  AC  supervisory  signaling  was  used.  ! 


Ot  particular  concern  was  the  signal  distortion  developed  by  the  analog/digital 
and  digital/analog  converters  used  in  the  6-bit  pulse  code  modulation  (PCM)  multi- 
plexing system  (TD-352)  associated  with  the  fiber  optic  link.  It  was  felt  that  such  dis- 
tortion might  be  manifested  in  supervisory  signal  rejection  in  the  TTC-30  supervisory 
control  cards,  or  in  misinterpretations  of  digits  by  the  DTMF  decoders. 

This  test  was  successful  and  no  misinterpretations  were  observed.  For  each 
channel  of  the  system  “ott-hook”  signals  were  received  and  correctly  interpreted  by 
the  switch.  Hach  DTMF  digit  was  dialed  and  correctly  interpreted.  The  voice  signature 
of  the  speaker  was  clearly  identified. 

Teletype  Signals 

These  tests  were  designed  to  determine  the  quality  of  teletype  signals  passed 
thiough  the  fiber  optic  link.  Teletype  characters  are  converted  from  DC  current  loop 
to  FSK  signals  in  the  TSC-62  van.  The  FSK  signals  were  patched  into  the  fiber  optic 
link.  At  the  receiving  end,  the  reconstructed  FSK  signal  was  converted  into  DC  current 
loop  form  to  drive  a TTV  printer. 

The  fixed  test  sequence  “The  quick  brown  fox  jumps  over  a lazy  dogs  back 
1234567890”  was  transmitted  many  times  with  no  errors.  The  signal  path  was  then 
daisy-chained  back  and  forth  ten  times  through  the  fiber  optic  link  and  associated 
multiplexers.  No  errors  were  recorded  in  the  diagnostic  test  messages. 

TADIL  B Modem  Signals 

The  purpose  of  this  test  was  to  measure  the  performance  of  the  fiber  optic 
link  in  transmitting  high-data-rate  FSK  signals.  The  HM-41 18  computer  in  the  TSQ-91 
operations  center  was  used  as  the  test  data  source  and  detector.  Upon  operator  initia- 
tion, the  computer  generated  a continuous  data  stream  based  on  a stored  test  message. 
The  data  then  passed  through  the  automatic  data  link  buffer  to  the  TADIL-B  modem. 
The  FSK  signals  developed  by  the  TADIL-B  modem  were  patched  through  the  TSC-62 
into  the  fiber  optic  link.  The  output  of  the  link  was  patched  back  to  the  TADIL-B 
modem  and  into  the  computer.  The  loop  quality  test,  normally  used  to  verify  tropo 
radio  channel  performance,  was  employed  to  determine  a figure  of  merit  for  the  fiber 
optic  link. 
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I AlMl  H moilvni  I hv  iranMiusMun  Icwl,  .it  Ihv  luiipiit  ut  the  I ADIl  H movk-m.  w.is 
NVt  .It  Ic  ilHiii  Nuim.il  opi-r.itinj;  Ii.iiimiunnioii  IvvvIs  .iic  iii  lliv  r.iiim-  ol  12  vllkii  tvi 
-1(1  ilHin  1 vvu  iiuhIv'iiis  wiTi'  unv'vI  vivoi  iwu  wpar.ilo  vli.inik-ls  ul  ilu'  IiIhm  oplu  link 
riirvv  tluniN.iiul  inoNs.ijtvs  vvito  vnv h.initvil  .iiul  no  viiimn  vvitv  iininli'il 

In  ivihicmi;  tliv  ir.insiniNsion  k’Vi'l.  it  was  liiniul  Iti.il  v-iiois  wviv  K'votvlvvl  at  a 
transiniNSion  Icvi-I  v>t  -21)  ilHm  Svvvnlv -two  i-rtots  wvii'  voniitv-il  ni  iiansiniilivl 
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H1  K ol  Ibis  lest  IS  then  in  llie  r.inee  ol  2.b\IO‘*  lo  l ..i\U)  -,  .it  .i  ir.iiisinissuin  lesel 
ol  -20  illbn 

\s  .1  ei'iilri'l  test,  .i  li.irvlwire  p.ileh  vv.is  snbsiiinleil  lor  llie  libei  v'ptie  link  \l 
Ilk-  s.iine  level  iil  -20  ilHin,  eiiihl  eirors  wi-re  eminleil  in  l(',.S,vS  ir.insiniiieil  iness.iees, 
fiiv  ini;  .in  Ml  K ol  4 .S  v I O'*^ 

As  a lest  on  inniliple  p.isses  lhrouj;li  the  nuillipleser.  (>  liber  oplie  eh.innels 
were  ilais\  eh.nneil  lopelhei  \Nith  the  transnussum  le\el  .il  -Id  ilHin.  onl\  errors  in 
4.<S,S2  nk-ss.iees  were  reeonleil  (Ml  K = N .K  lO  "^. 

.•\  kHip-aronikl  lest  ilironeli  the  1 Rl tropo  r.klio  w.is  eoikhieleil  With  the 
sign.il  lesel  .it  -l(i  ilHin.  2 errors  were  eneounlerevi  in  2.400  niess.ivies  iMl  K = .S.4\  10  "*) 

Ilk-  results  v'l  Ilk-  1 ADll  -H  tr.insnussion  tests  slu'w  ih.il  .it  .i  norin.il  oi'eraiini: 
inoilein  transmit  level  of  -Id  vllhn.  the  liber  oi'lie  link  operates  essenli.ilK  errvn-lree 
1 ower-th.m-norm.il  tr.insnul  levels  t-20  ilHm).  or  nuiltiple  p.isses  through  the  nuilli- 
plever.  begin  to  give  .i  me.isnr.ible  HI  R in  the  r.inge  ol  10"^  lo  lO'-.  Hus  is  prob.iblv 
due  to  an  insnlfieienl  input  level  to  the  nuiltiple\er.  .mil  the  .leeinmilalion  ot  i|n.mti/.i- 
lion  noise  trom  the  repe.iled  I’C  M proeess.  respeelively.  This  eompleled  the  prehmm.irv 
field  tests, 

BOLD  LAliLF  7S  Dl  MONSTRATION 

During  the  period  I"  through  2S  Oetober  H)77  the  liber  optie  eommunie;ition 
system  was  demonstrated  to  Air  horee  usi-rs  at  exereise  Hold  1 agle  7.S.  held  on  1 ghn 
Reservation  in  l lorida  1 he  purpose  of  this  exereise.  involving  some  20.000  trooi's. 
was  to  test  Ib.S  loree  re.idmess  against  .i  tank  foree  oeeupving  a friendly  eountry , 
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I Ik-  l.KlK.il  \it  C I'lUrol  t v'liliT  (lACC'l,  locati-il  on  Hurlliurt  1 iolil.  was  the 
locale  ol  the  ilemonsiiation  \s  sIiokm  in  lijiure  .'5.  the  I'lher  optic  link  was  iisc-il  in 
place  ol  a Jt' |>air  cable  lor  inlerconneclion  helween  Iwo  I S( -I'J  coiniminicalion 
centrals  t'perateil  In  the  >th  t onibat  ( I'lniminii.  ations  llroiip  (tCtil  aiul  the  5t)‘'th 
Lutical  Vir  (.  ontrol  ini’ I I \(  W i 


• VOICE  TRANSMISSION 

• TELETYPE  TRAFFIC 

• TADIL-B  MODEM  TRAFFIC 

• OTMF  SIGNALING  8 SUPERVISION 


Hi’iire  llolil  l ajile  Deninnslratioi) 

A pi'rtion  ol  Ihe  I A(  C'  connmmicalions  ct'inplex  al  IliirIbnrI  I lelil  is  seen  in 
littiire  Ihe  5lh  t ( ii  technical  control  van  is  locateil  shehtiv  I'orwaril  ol  the  tower 
One  terminal  ol  the  liber  optic  link  was  locateil  m the  Jameswav  lull.  Ihe  semicircular 
cvlmdncal  shelter  in  Ihe  approvmiale  center  ol  tienre  associated  with  Ihe  I'Sl'-o'. 
rite  liber  optic  cable  ran  to  Ihe  riirhl  trom  this  hut  alone  the  roadvvav  to  the  50"th  (.  C'O 
shelter  (not  shown)  Ihe  cable  run  was  approMiiialeK  7.sl)  leel  in  lenirlh 

It  IS  mierestme  to  note  that  Ihe  JDD-toot  Ariuv  lower  seen  m I'i^ure  was 
used  to  site  ten  1 Kc tropo  horns  and  is  vulnerable  to  hieh  wind  velocities.  In  Ihe 
course  ol  Ihe  exercise,  this  tower  had  to  be  retracted  lor  several  hours  duriiii:  a tornado 
alert.  1 onjt-ilislance.  hjthlwei.ehl  fiber  optic  links  could  of  course  be  used  to  ease 
deployment  m a eiisc-  such  as  this  by  remote-siimi:  the  radio  vans  on  ilisiani  naiuial 
elevations. 
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Table  V.  Traffic  Log,  Hold  hagle  78  Fiber  Optics  Demonstration 


18  Oct.  0900 

20  Oct.  0915 


20  Oct.  2135 

21  Oct.  1600 


23  Oct.  0815 

23  Oct.  1115 


26  Oct.  1500 


28  Oct.  1415 


Lstablishcd  link,  checked  performance 

Operational  traffic  carried: 

3 TTC-30  trunks 

5 TA-341  phones,  point-to-point 
2 KW-7  secure  teletype 
1 test  tone  monitor 
1 liber  optic  station  phone 

TD-352  Multiplexer  malfunction 

Operational  traffic  carried: 

10  TTC-30  trunks 
1 test  tone 

1 fiber  optic  station  phone 
TD-352  Multiplexer  malfunction 

Operational  traffic  carried: 

4 TTC-30  trunks 

2 TA-341  phones,  point-to-point 

3 KW-7  secure  teletype 
I KY-65  secure  voice 

1 test  tone 

1 fiber  optic  station  phone 

Operational  traffic  changed: 

5 TTC-30  trunks 

2 TA-341  phones,  point-to-point 
2 KW-7  secure  teletype 

1 KY-3  secure  voice 
1 test  tone 

1 fiber  optic  station  phone 
Terminated  demonstration 
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Figure  37.  Llectromagnetic  Ininuinilv  of  Fiber  Optic  Cable 


I he  deploy  nient  teclnii(|ues  used  with  eonventioual  eabling  and  fiber  optics  are 
compared  in  tigure  38.  Deployment  of  a thousand-loot  spool  of  2()-pair  metallic  cable 
weigliing  about  3UU  pounds  requires  two  men  and  an  .V-frame  despooler.  Fhe  same 
lengtii  ot  liber  optic  cable  weighs  only  eight  pounds  and  is  deployed  with  little  effort. 
Fven  more  dramatic,  the  liber  optic  cable  shown  in  figure  38  has  information  carrying 
capacity  lor  almot  700  voice  channels  at  ilistances  of  several  kilometers.  If  fully  ex- 
ploited, this  fiber  cable  could  replace  all  the  Zb-pair  cables  as  seen  in  the  ground  raceway. 


Hie  ruggedized  fiber  optic  cable  withstands  the  abuse  of  traffic  roll-overs  (figure 
3b)  without  liber  breakage.  The  2(>-pair  cables  must  be  protected  with  wooden  bridges 
to  prevent  vehicle  stress  from  shorting  the  metallic  conductors. 


I he  system  demonstration  given  at  the  Bold  liagle  78  exercise  served  to  stimu- 
late high-level  ,\ir  Force  user  interest.  During  the  demonstration,  the  fiber  optic  sy  stem 
was  inspected  by  many  senior  officers  responsible  for  grouiui  communications.  In 
tigure  40,  Major  (ieneral  Robert  Sadler,  Commander.  .Vir  Force  Communication  Service, 
is  seen  making  the  lirst  telephone  call  to  the  Pentagon  over  a field  deployed  fiber  optic 
link.  I his  call  was  being  transmitted  via  the  fiberoptic  link  to  a tactical  switch  anti 
there  connecteil  into  AHTOVON.  The  tiemonstration  was  highly  successful  in  es- 
tablishing the  leasibility  of  filler  optic  technology  for  use  in  grtnnul-basetl  tactical 
communications. 
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SECTION  VII 


CONCLUSIONS  AND  RECOMMENDATIONS 

TECHNOLOGY  CONCLUSIONS 

Before  operational  fiber  optic  systems  can  be  implemented,  a number  of  refine- 
ments to  the  components  are  required;  however,  no  new  breakthroughs  in  the  tech- 
nology are  needed.  Now  is  the  opportune  time  to  establish  standards  and  specifications; 
otherwise,  system  components  will  soon  begin  to  proliferate  and  intensify  the  logistic 
support  problem.  It  is  our  opinion  that  specifications  can  be  organized  to  allow  for 
j future  improvements  in  the  technology,  that  is,  can  be  upward-compatible.  This  could 

j assure  near-term  implementation  while  minimizing  obsolescence. 

Fortunately,  fiber  optic  cable  is  the  most  advanced  component  at  this  time. 
‘ Although  it  is  at  least  as  rugged  as  its  metallic  counterpart,  and  probably  more  so, 

further  evaluation  with  regard  to  low  temperature,  moisture  and  nuclear  radiation 
effects  is  required.  Expendable  cables  could  be  developed  for  rapidly  moving  or 
“leapfrogging”  command  centers.  Test  equipment  such  as  optical  time  domain  re- 
flectometers  need  to  be  fully  developed  to  locate  breaks  or  poor  connector  joints. 
Tools  for  repair  splices  will  be  required.  Cable  structures  must  be  defined  for  a variety 
of  applications  (1,  2,  3,  and  7 conductors)  so  that  connector  manufacturers  can  design 
their  tooling  to  accommodate  the  fibers  and  terminate  strength  members. 

Connectors  to  withstand  the  military  environment  must  be  developed.  A 
, 2 dB  insertion  loss  specification  is  well  within  current  practice;  however,  the  connectors 

must  be  hermaphroditic  in  nature,  easily  cleaned  and  field  replaceable.  A family  of 
shell  sizes  to  accommodate  the  various  numbers  of  fibers  and  also  different  glass  fiber 

, diameters  (125,  150,  200,  300  and  400  microns)  should  be  specified. 

1 

k 

I Source  and  detector  devices  must  be  ruggedized  and  packaged  with  short 

j pigtails  for  easy  replacement.  As  the  technology  advances,  the  operating  wavelength 

t should  be  extended  to  the  1.1  to  1.3  micron  range  to  maximize  power  budgets  and 

' minimize  pulse  dispersion  and  nuclear  dosage  effects.  Integrated  circuit  gain  controls 

! and  chopper  power  supplies  are  needed  to  lower  the  cost  (from  a few  thousand 

dollars  to  a few  hundred  dollars)  of  optical  transmitter  and  receiver  modules. 
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Aclilitionally,  lower-loss  (aiul  higlier-perronnance)  fibers  eoukl  be  specified  in 
the  same  cable  contit’iirations.  I iirlhermore,  it'ilraniatic  connector  improvements  (cost 

and  performance)  are  made  in  the  near  fiitiire,  the  old  connectors  could  be  cut  off  and  i 

new  ones  installeil,  thus  adding  lifetime  to  the  expensive  cables  in  inventory,  l ikewise,  ' 

higher-pertormance  sources  and  iletectors  couKI  be  used  as  replacements  for  earlier  t 

versions.  Ihus  we  shoukl  be  able  to  take  ailvantage  r)f  existing  technology  and  yet 

implement  improvements  as  they  become  available.  ; 

26  PAIR  CABLE  REPLACEMENT  f 

( 

Development  Concept  j 

1 he  liber  optic  system  deployeil  at  Hold  I agle  78  was  successful  in  deinonstrat-  P 

ing  the  feasibility  ol  utili/ing  liber  optics  in  tactical  ground  communications.  1 or 
operational  deployment,  however,  certain  enhancements  are  necessary.  lo  efficiently 

use  the  available  bandwiilth  ol  the  fibers,  signals  must  be  multiplexeil  before  trails-  I, 

mission.  In  the  demonstration  model  this  function  was  performed  by  the  ri)-.L^2  . ' 

multiplexer.  Ihese  multiplexers,  because  of  their  age,  were  large  and  heavy,  ofisetting 
the  size  and  weight  advantages  offered  by  fiber  optics. 

.State-ol-the-art  integrated  circuit  technology  can  alleviate  this  difficulty  through 
the  development  of  a miniaturized  multiplexer.  In  a retrofit  application  of  fiber  optics 
to  407 L equipment,  an  iileal  location  for  the  miniature  multiplexer  would  be  within  the 
standard  26-pair  cable  connectrrr  (figure  41).  This  would  avoid  any  nuKlitications  to 
existing  shelter  constructions.  It  is  envisioned  that  a 12-channel  multiplexer,  composed 
of  hybrid  or  LSI  circuitry,  along  with  light  source  and  photodetector  chips,  would  fit  in 
the  4.7"  X 1.6"  space  within  the  connector  shell  (figure  42).  Source  and  detector 
pigtails  would  attach  to  the  liber  optic  cable  by  a two-fiber  connector  on  the  end  of 
the  shell.  In  this  manner  the  multiplexer  woukl  fit  on  existing  shelter  connector  panel 
walls. 

Monolithic  circuits  which  convert  voice  signals  to  the  digital  eontinuously 
variable  slope  ilelta  (CV'SI))  format  alreaily  exist  (examples  are  the  Motorola  X('3418 
and  Harris  1IR-.^2I()).  A 12-channel  miniature  multiplexer  woukl  require  12  such 
chips,  along  with  timing/combining  chips,  and  source  and  detector  circuits. 

Development  Phases 

rite  development  opiions/phases  of  a fiber  optic  replacement  for  2(>-pair  cable 
are  illustrated  in  figure  4.^  along  with  the  associated  hardware  developments  needed, 
requirements  and  limitations. 
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DEVELOPMENTS  REQUIREMENTS 

REQUIRED  a RISKS  ONE-TO-ONE  . UP  TO  i KM  8 LIMITATIONS 


MINIATURE 

multiplexer 

SIZE  ? 
TEMP  p 


POWER  FROM  SHELTER 
NO  POWER  TRANSFER 


ONE-TO-ONE  . several  KM 


laser  feedback 

APO  CONTROL 


HERMAPHRODITE  CONN 


UP  TO  6 KM 
WITHOUT  REPEATERS 


MT8F  p 


conn  loss  p 

TEMP  p 


MANT-TO-ONE 


MUX  controller 


Figure  43.  26  Fjiir  Cable  Replaeenieiil  Cuiieepl 

The  first  option  is  a one-to-one  replacement,  in  which  a twin  fiber  cable  is  used 
to  replace  a 26-pair  cable  up  to  a kilometer  in  length.  Ihis  configuration  woiiUl 
accommodate  interconnection  of  shelters  in  relative  close  proximity  (technical  control, 
switching,  teletype  centers,  etc.).  For  these  lengths  the  simple  1 1 1)  sources  and  I’lN 
photodiode  detectors  could  be  used.  The  main  development  item  in  this  phase-  is  the 
miniaturized  12-channel  multiplexer.  The  development  risks  are  the  size  ot  the  multi- 
plexer, and  its  operation  over  military-specification  temperature  ranges.  I’ower  tor  the 
multiplexer/transmitter/receiver  module,  reiiuired  from  the  shelter,  could  possibly  be 
supplied  through  unused  pins  in  the  connector  on  the  shelter  wall  (12  tour-wire  circuits 
require  48  pins,  and  the  2(>-pair  connector  has  52  pins).  The  system  is  limited  by  the 
fact  that  no  electrical  power  can  be  transmitted  over  fiber  optics. 

The  second  option  is  also  a one-to-one  replaeeineni,  but  would  be  capable  of 
deployment  ranges  of  several  kilometers  and  could  be  applied  to  distant  remoting  ot 
radio  units  such  as  the  TRC'-‘)7  tropo.  For  such  long-Llistance  links  the  injection  laser 
diode  .source  and  avalanche  photodiode  receiver  are  appropriate.  Ihese  components 
require  further  refinements  for  bias  control  as  a function  of  temperature.  Develop- 
ment of  a low-loss,  low-cost  hermaphroditic  connector  is  also  re<|uired.  Finks  up  to 
8 km  without  repeaters  should  be  possible. 
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riio  (liiril  ili.'vclopmi.‘iit  opiion  most  cltoctivi-ly  exploits  tlu' baiulwiilth  capacity 
ol  fiber  optics.  Here  a main-tOHine  eonfitiiiratioii  is  proposer!.  Higlier-level  imiltiplex- 
inp  eomiMiies  I2N  ehamiels  for  transmission  on  a two-fiber  cable.  I'or  example,  eombin- 
inj;  ten  12-channel  units  of  22  Kb/s  CV’Sl)  would  reipiire  a data  rate  of  approximately 
2.S  Mb  N.  fills  I\pe  of  link  would  be  used  for  hi.eli-traffic-density  routes,  for  example, 
between  a technical  control  van  .iiul  switchni};  center.  Development  of  the  group 
multiplexer  couki  ilirectK  follovr  Iroiii  either  the  first  or  second  option. 

This  cable  replacement  program  must  also  aiklress  such  ipiestions  as: 

• C'.iii  multiplexers  be  ni.ule  to  lit  within  the  standard  cable  connector  and 
be  i|U.ilifieil  for  niililarv  use'.’ 

• What  are  the  risks  as.socialed  with  high  ambient  temper.ilures’ 

•>  Wh.it  IS  the  best  melhoil  lor  powering  the  multiplexers’  t 

• Since  the  fibers  cannot  transmit  power,  how  will  common  batters 
instrument  power  be  provided  ’ 

I his  etiort  should  also  develop  design  guidelines  to  ensure  that  fiber  optic  40^1  retrofit  ] 

systems  would  be  comp.ilible  w ilh  I Kl -f.AC  eiiuipment.  j 

i 

CONCLUSION 

Hie  s’uccess  of  the  liber  optic  svsiem  demonstration  at  Bold  1 agle  "'S  proves  ! 

clearly  that  fiber  optic  technology  is  no  longer  a laboratorv  curiosilv  . I iber  I'l'lics  i 

are  now  m widespread  use  m nuliistrial  and  commercial  applications.  The  technologv 

neeils  only  refinement  for  use'  within  the  mililarv  environment.  It  is  recommeiuled  ••j 

that  the  cable  replacement  program  discus.sed  here  be  initiated  immediateh  so  as  to  ■ 

insure  rapid  introduction  of  this  technology  to  the  field. 
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